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Description

[0001] The present invention relates to an air condi-
tioning system for vehicles, and, more specifically, to an
air conditioning system for vehicles suitable to be
mounted in a cabin of a work vehicle, etc. in which an
air conditioning unit having an air path is made small,
particularly, made thin.

[0002] Various technologies for making an air condi-
tioning system for vehicles, in particular, an air condi-
tioning unit having a heat exchanger for absorbing heat
and a heat exchanger for radiating heat smaller are
known For example, W099/07568 discloses a structure
of an air conditioning unit for usual vehicles, wherein a
vertical type unit is formed, and a heat absorbing heat
exchanger and a heat radiating heat exchanger are
compactly disposed therein at inclined conditions.
[0003] Onthe otherhand, although an air conditioning
unit for work vehicles is frequently disposed in a cabin
as a room unit, accompanying with recent miniaturiza-
tion of a cabin space, requirements for making the size
of the unit smaller and the level of noise thereof lower
while satisfying enough air conditioning function have
been increased. Especially, a room unit to be installed
at a layout condition under a seat is frequently required
in order to utilize a space under the seat in a cabin, and
in such a case, particularly the room unit is required to
be made smaller, in particular, thinner. Further, even in
an air conditioning unit for work vehicles, the noise level
has been required to be further decreased from the
viewpoints of recent requirements for improving the
working environment and the comfortableness or from
the backgrouhd of recent European restriction.

[0004] Withrespectto such an air conditioning system
for work vehicles for which the above-described require-
ments have been increased, although it is considered
to apply the aforementioned air conditioning unit for usu-
al vehicles in order to make the unit smaller, because
this air conditioning unit is formed as a vertical type unit,
it is difficult in practice to apply the unit for installation in
a cabin of a work vehicle requiring a thin type structure.
As an air conditioning unit capable of achieving a thin
type structure such as a structure required for work ve-
hicles, for example, also known is a structure wherein a
serpentine type heat exchanger is disposed at a condi-
tion of a horizontal figure as a heat exchanger for ab-
sorbing heat, thereby making the whole of the unit thin.
However, in such a case where a serpentine type heat
exchangeris used, because the refrigerant tube of a ser-
pentine type heat exchanger, which is originally to be
disposed vertically, is disposed at a style being inclined
by 90 degrees, the water dripping property for con-
densed water may deteriorate, originating therefrom the
air-flow resistance may increase, the noise of the air flow
may increase, and therefore, the original target perform-
ance may not be exhibited. As a result, it may be nec-
essary to use a heat exchanger having a larger heat ex-
changing capacity, and consequently, it may not be
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achieved to make the unit small and the noise level low.
[0005] On the other hand, JP-A-2003-11655 disclos-
es a structure wherein a heat exchanger for absorbing
heat is disposed in an air path at an inclined condition
in order to make the air conditioning system for work
vehicles small. In this structure, however, because a
heat exchanger for radiating heat is disposed at an in-
clined condition in a direction different from the direction
of the heat absorbing heat exchanger by 90 degrees, it
is hard for air to be discharged from the surface of the
face of the heat radiating heat exchanger, and the struc-
ture is hard to achieve a good air mixing at the down-
stream side of the heat radiating heat exchanger. Con-
sequently, the performance of the air conditioning sys-
tem may be decreased.

[0006] It would be desirable to provide an air condi-
tioning system for vehicles, in particular, suitable for
work vehicles, which can make an air conditioning unit
containing a heat exchanger for absorbing heat and a
heat exchanger for radiating heat in an air path small,
particularly, thin greatly, and which can exhibit a heat
exchanging performance to be required sufficiently and
also can achieve a low noise level.

[0007] An air conditioning system for vehicles accord-
ing to the present invention has an air conditioning unit
which has an air path extending about in a horizontal
direction relative to a vehicle, a heat exchanger for ab-
sorbing heat and a heat exchanger for radiating heat are
disposed in the air path in this order, a flow rate of air
bypassing or passing through the heat radiating heat ex-
changer relative to the whole amount of air after passing
through the heat absorbing heat exchanger is adjusted
by an air mixing door to obtain a desired discharged air
temperature. The air conditioning system for vehicles is
characterized in that the heat absorbing heat exchanger
is disposed so as to be inclined relative to an extending
direction of the air path, and the heat radiating heat ex-
changer is disposed to be inclined in the same direction
as that of the heat absorbing heat exchanger.

[0008] In this air conditioning system for vehicles, it is
preferred that the heat absorbing heat exchanger is dis-
posed to be inclined at an angle in a range of 15 to 30
degrees relative to the extending direction of the air
path. If the inclination angle is less than 15 degrees, the
water dripping property for condensed water may be in-
sufficient, and the air-flow resistance may become too
great. If the inclination angle is more than 30 degrees,
the effect for making the air conditioning unit thinner may
become poor.

[0009] By setting the inclination angle within an ade-
quate range, since the condensed water generated at a
portion of the heat absorbing heat exchanger can flow
down well along the heat absorbing heat exchanger, in
the present invention, it is preferred that a drain guide
groove capable of draining the condensed water is pro-
vided at least on an inner wall of the air path positioned
at a bottom side of the heat absorbing heat exchanger.
[0010] Further, it is preferred that the drain guide
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groove is provided at each side in a width direction of
the air path on the inner wall of the air path positioned
at the bottom side of the heat absorbing heat exchanger
so as to extend along a longitudinal direction of the air
path, and in this case, an inner wall of the air path be-
tween both drain guide grooves protrudes into the air
path so that a central portion thereof becomes higher,
in order that the water is smoothly drained toward both
drain guide grooves. Particularly, it is preferred that the
central portion of the inner wall of the air path is con-
nected to both drain guide grooves via gentle slopes.
[0011] Further, it is preferred that a portion projected
into the air path is provided on an inner wall of the air
path positioned at a bottom side of the heat absorbing
heat exchanger, at a position corresponding to a posi-
tion of each of a front end and a rear end of an area
disposed with the heat absorbing heat exchanger, that
is, at positions immediately before and immediately after
the area disposed with the heat absorbing heat ex-
changer. By such a structure, the condensed water
flown down is appropriately stored between both pro-
jected portions, and by providing the above-described
drain guide grooves, the stored water may be properly
drained.

[0012] Moreover, it is preferred that the above-de-
scribed heat absorbing heat exchanger is a stacking
type heat exchangerin which flat heat transfer tubes and
fins are alternately stacked and both ends of respective
heat transfer tubes are connected to tanks, respectively.
The flat heat transfer tube may be formed, for example,
from a pair of plates. By using such a stacking type heat
exchanger, even in a case of the inclined disposition, a
sufficiently good heat exchanging property can be main-
tained, and by the inclined disposition, the area for air
flow may be ensured sufficiently large and it becomes
to achieve low air-flow resistance and low noise level
[0013] Furthermore, in the air conditioning system for
vehicles according to the present invention, a structure
can be employed, wherein air discharge ports commu-
nicating with temperature controlled air discharge ports
provided on respective parts of a vehicle are provided
ata downstream end of the air path, and all air discharge
ports are opened about toward a horizontal direction rel-
ative to the vehicle. By this structure, respective ducts,
for sending temperature controlled air to the tempera-
ture controlled air discharge ports provided on respec-
tive parts of the vehicle, may be connected to the air
conditioning unit within substantially same horizontal
positional area, and as compared with a case where
these ducts are disposed vertically and connected, the
whole of the air conditioning system including the duct
connection structure may be made thin.

[0014] The air conditioning system for vehicles ac-
cording to the present invention, which is thus made
thin, is suitable as that for work vehicles. Namely, the
air conditioning system is suitable to be applied for a
case where the air conditioning unitis installed in a cabin
of a work vehicle.
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[0015] In the air conditioning system for vehicles ac-
cording to the present invention thus constructed, since
the heat absorbing heat exchanger provided so as to
cross the whole of the air path is disposed to be inclined
relative to the direction of the air path extending in the
horizontal direction, this part of the air path may be small
in height, and the air conditioning unit may be made thin.
In addition, in the present invention, because the heat
radiating heat exchanger is also disposed to be inclined
in the same inclination direction as that of the heat ab-
sorbing heat exchanger relative to the extending direc-
tion of the air path, even in this part of the heat radiating
heat exchanger, the area for heat exchange of the heat
radiating heat exchanger, within which air passes
through the heat radiating heat exchanger, may be en-
sured sufficiently large, and at the same time, the height
of this part may be small, and as a result, the whole of
the air conditioning unit may be made thin. Moreover,
by setting the inclination direction of the heat radiating
heat exchanger at the same direction as the inclination
direction of the heat absorbing heat exchanger, air hav-
ing passed through the heat absorbing heat exchanger
may be smoothly to the entrance surface of the heat ra-
diating heat exchanger or a bypass path, and therefore,
reduction of the air conditioning performance and in-
crease of pressure loss due to the air passage substan-
tially do not occur. Therefore, while a desirable perform-
ance may be ensured, the air conditioning system may
be made small, particularly, made thin.

[0016] Further, by disposing the heat absorbing heat
exchanger to be inclined, even if the air conditioning unit
is made thin, the size of the heat absorbing heat ex-
changer itself, in particular, the size of the heat ex-
change portion thereof can be ensured to be sufficiently
large, a target heat absorbing property may not be dam-
aged, and rather than that, the area for air passage may
be enlarged. Therefore, reduction of air-flow resistance
may become possible, thereby achieving a low noise
level. Especially, by using a stacking type heat exchang-
er, while the reduction of air-flow resistance and the low
noise level can be achieved, a desirable thin air condi-
tioning unit can be formed.

[0017] Further, by setting the inclination angle of the
heat absorbing heat exchanger at an angle in the opti-
mum range (15 to 30 degrees), because a good water
dripping property may be maintained while the thin
structure is achieved, an increase of air-flow resistance
associated with a poor water dripping property and an
increase of the noise level originating therefrom may be
appropriately prevented. By providing drain guide
groove(s), draining may be appropriately performed.
[0018] Thus, in the present invention, while a desira-
ble heat exchanging performance can be exhibited, the
air conditioning unit can be made thin, and further, re-
duction of air-flow resistance and decrease of the noise
level may be possible. By the reduction of air-flow re-
sistance, a blower also may be small-sized, and a cost
down thereof may be possible.
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[0019] The air conditioning unit thus made thin is suit-
able as a room unit installed in a cabin of a work vehicle.
Even in manufacture of an air conditioning system for
work vehicles, by disposing the heat absorbing heat ex-
changer and the heat radiating heat exchanger to be in-
clined as described above, without particularly develop-
ing, designing and manufacturing small-sized heat ex-
changers for work vehicles, it becomes possible to use
heat exchangers for usual vehicles, which are manufac-
tured in a manner of mass production, and contain them
in the air conditioning unit made thin, and therefore, a
great shortening of the terms for the development and
the designing becomes possible and a great cost down
as a whole becomes possible.

[0020] Further features and advantages of the
present invention will be understood from the following
detailed description of the preferred embodiment of the
present invention with reference to the accompanying
figures, of which:

Fig. 1 is a schematic vertical sectional view of an
air conditioning unit of an air conditioning system
for vehicles according to an embodiment of the
present invention.

Fig. 2 is a cross-sectional view of the air condition-

ing unit depicted in Fig. 1, as viewed along ll-Il line
of Fig. 1.
[0021] Figs. 1 and 2 show an air conditioning system

for vehicles according to an embodiment of the present
invention, in particular, the whole structure of a portion
of an air conditioning unit thereof. This air conditioning
unit is disposed, for example, under a seat in a cabin of
a work vehicle.

[0022] InFig. 1, air conditioning unit 1 has an air path
2 extending about in a horizontal direction relative to a
vehicle (for example, a work vehicle). Therefore, a di-
rection of air flow A in this air path 1 also becomes about
the horizontal direction as a whole. In air path 1, an
evaporator 3 as a heat exchanger for absorbing heat
and a heater core 4 as a heat exchanger for radiating
heat are disposed in this order in the air flow direction.
Although evaporator 3 is disposed so as to cross the
whole of air path 2, heater core 4 is disposed so as to
partially cross the air path 2. An air mixing door 5 capa-
ble of being adjusted in its opening degree is provided
at a position upstream or downstream of heater core 4
or at both positions (in this embodiment, at a position
upstream of heater core 4). By adjusting the opening
degree of air mixing door 5, a flow rate of air bypassing
or passing through heater core 4 to the whole amount
of air having passed through evaporator 3 can be ad-
justed. By this adjustment, the cooled air having passed
through evaporator 3 is either passed through the by-
pass passage as it is, or mixed with air having been
warmed by heater core 4 at a predetermined rate, there-
by obtaining a desired discharge air temperature.
[0023] The temperature controlled air is sent into an
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air distribution box 6 provided at a downstream end por-
tion of air path 2, and further mixed there and then sent
out toward respective temperature controlled discharge
air ports provided on respective parts of a vehicle (not
shown, for example, temperature controlled discharge
air ports for VENT, DEF and FOOT modes) via respec-
tive air discharge ports 7, 8 and 9 opened toward the
horizontal direction. Respective dampers capable of be-
ing independently opened/closed are provided to the re-
spective air discharge ports (not shown).

[0024] On the other hand, a blower 10 is provided at
a position upstream of evaporator 3 in air path 2. Air
suction port to blower 10 may be appropriately provided
depending upon requirements from the vehicle side,
such as at a position of a side surface side or a rear
surface side of air conditioning unit 1. For example, in a
case where a double-shaft type blower is used as blower
10, the air suction port may be opened on each of both
side surfaces of air conditioning unit 1.

[0025] In this embodiment, a double-shaft type blower
is used as blower 10, and by a multi-blade fan provided
in blower 10, air is sent toward the side of evaporator 3
through an inner air path formed along an involute curve
of a blower casing of blower 10.

[0026] Evaporator 3 is formed as a stacking type heat
exchanger wherein flat heat transfer tubes (for example,
each formed by a pair of plates) and fins are alternately
stacked and both ends of the respective heat transfer
tubes are connected to respective tanks. This evapora-
tor 3 is disposed so as to be inclined at an inclination
angle 6, in a range of 15 to 30 degrees relative to the
extending direction (horizontal direction) of air path 2.
[0027] Further, in this embodiment, heater core 4 is
disposed also so as to be inclined in the same inclination
direction as that of evaporator 3 relative to the extending
direction of air path 2. The inclination angle 6, of heater
core 4 is not particularly restricted, and the inclination
angle 6, may be set so that sufficiently large areas for
the air passage of heater core 4 and the bypass pas-
sage, even if air conditioning unit 1 is made thin.
[0028] Furthermore, in this embodiment, drain guide
grooves 11 are provided on the inner wall of air path 2
positioned at the bottom side of evaporator 3 for draining
the condensed water flowing down along the evaporator
3. As shown in Fig. 2, evaporator 3 is held at both sides
thereof by evaporator holders 12 which are formed by
protruding the both inner side walls of air path 2 toward
the inside.

[0029] Drain guide grooves 11 are provided at both
sides in the width direction of air path 2 on the inner wall
of air path 2 at the bottom side of evaporator 3 so as to
extend along the longitudinal direction of air path 2.
Drain ports 13 are provided at appropriate positions of
respective drain guide grooves 11. Further, the inner
wall of air path 2 between both drain guide grooves 11
protrude into air path 2 so that the central portion thereof
becomes higher, and the central portion is formed as a
convex portion 14. By forming this convex portion 14,
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the water flown down may be smoothly flown into drain
guide grooves 11 positioned at both sides. Particularly,
it is preferred that convex portion 14 at the central por-
tion of the inner wall of air path 2 is connected to both
drain guide grooves 11 via gentle slopes. By such a
structure, as compared with a conventional structure of
an air conditioning casing wherein a single drain port is
provided at a central position and therefore a relatively
deep concave structure is provided to the bottom of the
casing to concentrate the drain to the drain port, be-
cause the condensed water may be surely guided to
drain guide grooves 11 positioned at both sides of the
bottom of the air conditioning unit and surely drained
even if the inclination height of the central portion of the
unit casing is suppressed to be small, a thinner structure
can be achieved in the height direction. Further, even in
a case where an air conditioning operation is continued
under a condition in that a vehicle body is inclined par-
ticularly as in a work vehicle, the condensed water may
be guided to any one of both drain guide grooves 11,
and therefore, the water may be surely drained.

[0030] Further, in this embodiment, portions 15 and
16 projected into air path 2 are formed on the inner wall
of air path 2 positioned at the bottom side of evaporator
3, at positions corresponding to a front end and a rear
end of an area disposed with evaporator 3. By forming
these projected portions 15 and 16, water may be ap-
propriately stored between both projected portions 15
and 16, and at the same time, the water may be pre-
vented from being flown over both projected portions 15
and 16. The water thus stored appropriately can be
drained smoothly from drain ports 13 via the above-de-
scribed structure of convex portion 14 and drain guide
grooves 11 provided on both sides in the width direction.
[0031] In air conditioning unit 1 thus constructed ac-
cording to this embodiment, because evaporator 3 and
heater core 4 are disposed to be inclined, while the
evaporator 3 and the heater core 4 are given with nec-
essary and sufficient sizes, respectively, it is possible to
make the air conditioning unit 1 remarkably thin (small).
Particularly, in this embodiment, since evaporator 3 is
inclined in a direction which can receive the air flow sent
from blower 10, which is formed as a double-shaft type
blower, along the involute curve smoothly as it is, there
is almost no increase of air-flow resistance due to the
inclination disposition. Rather than that, because the ar-
ea for air passage (heat exchanging portion) of evapo-
rator 3 can be sufficiently enlarged by the inclination dis-
position, it becomes possible to greatly decrease the air-
flow resistance of evaporator 3. Such a decrease of air-
flow resistance induces decrease of the level of noise
associated with the air flow, and therefore, reduction of
noise may also be achieved. Further, by ensuring a suf-
ficiently large area of the heat exchanging portion of
evaporator 3, the ability of evaporator 3 may be main-
tained at a sufficient high level. By using a stacking type
heat exchanger as evaporator 3, a desirable perform-
ance may be easily exhibited. Furthermore, by reducing
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the air-flow resistance of evaporator 3, it becomes pos-
sible to employ a smaller blower as blower 10, thereby
making air conditioning unit 1 further small and reducing
the cost of the unit.

[0032] Further, since heater core 4 is inclined in the
same direction as the inclination direction of evaporator
3 relative to the extending direction of air path 2, the air
having passed through evaporator 3 is sent to the en-
trance surface of heater core 4 smoothly as it is without
accompanying a great pressure loss, and the rate of the
amount of air passing through heater core 4 to the
amount of air bypassing heater core 4 may be easily set
by air mixing door 5. Namely, while a good air condition-
ing performance can be maintained, air conditioning unit
1 can be made thin even in this portion of heater core 4
with no problems, and it becomes possible to make the
whole of air conditioning unit 1 small and reduce the cost
of manufacture thereof.

[0033] Further, in this embodiment, evaporator 3 is in-
clined at an angle within a range of 15 to 30 degrees
relative to the extending direction of air path 2 (horizon-
tal direction), by setting the inclination angle at 15 de-
grees or more, a sufficiently good water dripping prop-
erty may be ensured, and by setting the inclination angle
at 30 degrees or less, a thin structure of air conditioning
unit 1, particularly a thin structure required for a work
vehicle, may be achieved sufficiently. Further, by ensur-
ing the good water dripping property, the noise level may
be further reduced.

[0034] Further, by providing drain guide grooves 11 at
least on the inner wall of air path positioned at the bottom
side of evaporator 3 for evaporator 3 in which the above-
described good water dripping property is ensured, the
condensed water flown down along evaporator 3 may
be drained to outside of the system well and adequately.
Besides, by providing convex portion 14 and projected
portions 15 and 16, the water may be drained further
smoothly.

[0035] Furthermore, in this embodiment, since re-
spective air discharge ports 7, 8 and 9 of air distribution
box 6 provided at the downstream end of air path 2 are
disposed in the horizontal direction, even if ducts com-
municating with temperature controlled air discharge
ports provided at respective parts of a vehicle are con-
nected to the respective air discharge ports 7, 8 and 9,
it may be avoided that these connecting portions dam-
age the thinning of air conditioning unit 1. Therefore,
thinning of the whole of the air conditioning system in-
cluding these connecting portions may be surely carried
out.

[0036] Such a thin air conditioning unit 1 is suitable
particularly for work vehicles, and while a desirable per-
formance can be maintained, the layout for disposing
the unit 1 under a seat in a cabin of a work vehicle can
be easily designed.
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Claims

An air conditioning system for vehicles having an
air conditioning unit which has an air path extending
about in a horizontal direction relative to a vehicle,
a heat exchanger for absorbing heat and a heat ex-
changer for radiating heat being disposed in said air
path in this order, a flow rate of air bypassing or
passing through said heat radiating heat exchanger
relative to the whole amount of air after passing
through said heat absorbing heat exchanger being
adjusted by an air mixing door to obtain a desired
discharged air temperature, characterized in that
said heat absorbing heat exchanger is disposed so
as to be inclined relative to an extending direction
of said air path, and said heat radiating heat ex-
changer is disposed to be inclined in the same di-
rection as that of said heat absorbing heat exchang-
er.

The air conditioning system for vehicles according
to claim 1, wherein said heat absorbing heat ex-
changer is disposed to be inclined at an angle in a
range of 15 to 30 degrees relative to said extending
direction of said air path.

The air conditioning system for vehicles according
to claim 1 or 2, wherein a drain guide groove is pro-
vided at least on an inner wall of said air path posi-
tioned at a bottom side of said heat absorbing heat
exchanger.

The air conditioning system for vehicles according
to claim 3, wherein said drain guide groove is pro-
vided at each side in a width direction of said air
path on said inner wall of said air path positioned at
said bottom side of said heat absorbing heat ex-
changer so as to extend along a longitudinal direc-
tion of said air path, and an inner wall of said air
path between both drain guide grooves protrudes
into said air path so that a central portion thereof
becomes higher.

The air conditioning system for vehicles according
to claim 4, wherein said central portion of said inner
wall of said air path is connected to both drain guide
grooves via gentle slopes.

The air conditioning system for vehicles according
to any of claims 1 to 5, wherein a portion projected
into said air path is provided on an inner wall of said
air path positioned at a bottom side of said heat ab-
sorbing heat exchanger, at a position correspond-
ing to a position of each of a front end and a rear
end of an area disposed with said heat absorbing
heat exchanger.

The air conditioning system for vehicles according
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to any of claims 1 to 6, wherein said heat absorbing
heat exchanger is a stacking type heat exchanger
in which flat heat transfer tubes and fins are alter-
nately stacked and both ends of respective heat
transfer tubes are connected to tanks, respectively.

The air conditioning system for vehicles according
to any of claims 1 to 7, wherein air discharge ports
communicating with temperature controlled air dis-
charge ports provided on respective parts of said
vehicle are provided at a downstream end of said
air path, and all air discharge ports are opened
about toward said horizontal direction relative to
said vehicle.

The air conditioning system for vehicles according
to any of claims 1 to 8, wherein said air conditioning
unit is installed in a cabin of a work vehicle.
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